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Description 

[NON-VOLATILE MEMORY AND 
FABRICATING METHOD THEREOF] 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The present invention relates to a structure of a semicon- 
ductor device and a fabricating method thereof. More par- 
ticularly, the present invention relates to a structure of a 
non-volatile memory and a fabricating method thereof. 

[0003] Description of the Related Art 

[0004] Electrically programmable and erasable non-volatile 
memory is a small, fast access, large capacity memory 
that retains data even when the power is cut off. There- 
fore, electrically programmable and erasable non-volatile 
memory has become a mainstream product among 
portable memory media. In general, such a non-volatile 
memory cell includes a floating gate, a control gate and a 
pair of source/drain regions. An additional select gate 



may also be installed next to the floating gate to form a 
split-gate structure to prevent problems caused by over- 
erase. 

[0005] pig. 6 shows a schematic cross-sectional view of the 

structure of a conventional electrically programmable and 
erasable non-volatile memory. As shown in Fig. 6, the 
non-volatile memory includes a substrate 600, a pair of 
floating gates 602 on the substrate 600 each having a 
thermal oxidation layer 604 on the top and a spacer 606 
on the sidewall, a high-voltage doped region 608, a pair 
of select gates 610 and a pair of source/drain regions 
612. The high-voltage doped region 608 is located in the 
substrate 600 between the floating gates 602. The high- 
voltage doped region 608 overlaps with the bottoms of 
the two floating gates 602, so as to serve as a common 
source/drain region as well as a control gate. The select 
gates 610 are located on the outward -facing sides of the 
floating gates 602, and each select gate 610 is isolated 
from the corresponding floating gate 602 by the thermal 
oxide layer 604 and the spacer 606. 

[0006] Although the aforementioned structure is being used 
widely, the following problems are frequently encoun- 
tered. Since the high-voltage doped region 608 overlaps 



with only the bottom of each floating gate 602, the gate 
coupling ratio (GCR) between them is low. With a low GCR, 
programming and data erasure must be carried out with a 
high voltage rendering the miniaturization of memory de- 
vice difficult. Furthermore, because the floating gate 602 
has a considerable height, the select gates 610 are diffi- 
cult to etch in a subsequent patterning process. Moreover, 
the high-voltage doped region 608 must have a suffi- 
ciently low resistivity, but the depth of the high-voltage 
doped region 608 must not be too large to cause a seri- 
ous punch through leakage. In other words, there is a 
limit to the extent of width reduction for the high-voltage 
doped region 608, and thus the degree of device minia- 
turization is restricted. 
Summary of Invention 

[0007] Accordingly, at least one object of the present invention is 
to provide a non-volatile memory and a fabricating 
method thereof wherein a portion of the floating gate is 
buried in the substrate and the high-voltage doped region 
is positioned adjacent to a side surface of the floating 
gate. 

[0008] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 



broadly described herein, the invention provides a method 
for fabricating a non-volatile memory. Firstly, a mask 
layer is formed over a substrate. A trench is formed in the 
mask layer and the substrate. Thereafter, a tunnel dielec- 
tric layer is formed on the interior surface of the trench, 
and then a floating gate is formed in the trench. After the 
mask layer is removed, a high-voltage doped region is 
formed in the substrate on one side of the floating gate. 
The high-voltage doped region simultaneously serves as a 
first source/drain region and a control gate. A second 
source/drain region is formed in the substrate on the 
other side of the floating gate. Furthermore, a select gate 
can be formed between the floating gate and the second 
source/drain region. The select gate is isolated from the 
substrate by a gate dielectric layer. 
[0009] This invention also provides another method for fabricat- 
ing a non-volatile memory, wherein a common high- 
voltage doped region is formed in the substrate between a 
pair of floating gates. In addition, a select gate is formed 
on the outward -facing side of each floating gate, and a 
source/drain region is formed on the outward -facing side 
of each select gate. Here, the outward -facing side of a 
floating gate refers to the opposite side of the inward-fac- 



ing side defined between the pair of floating gates. 

[0010] This invention also provides a non-volatile memory struc- 
ture. The structure includes a substrate, a floating gate, a 
high-voltage doped region serving as a first source/drain 
region and a control gate, and a second source/drain re- 
gion. The substrate has a trench therein, which is lined 
with a tunnel dielectric layer. The floating gate fills up the 
trench and protrudes above the substrate. The high- 
voltage doped region is located in the substrate on one 
side of the floating gate. The second source/drain region 
is located in the substrate on the other side of the floating 
gate. Furthermore, a select gate can be set up between 
the floating gate and the second source/drain region, be- 
ing isolated from the substrate by a gate dielectric layer. 

[0011] | n another non-volatile memory structure of this inven- 
tion, a common high-voltage doped region is located in 
the substrate between a pair of floating gates. In addition, 
a select gate is set up on the outward -facing side of each 
floating gate and a source/drain region is set up on the 
outward -facing side of each select gate. 

[0012] | n this invention, the high-voltage doped region that 

serves also as a control gate further overlaps with a side 
surface of the floating gate. Hence, the gate-coupling ra- 



tio (GCR) between the control gate and the floating gate is 
greatly increased. Furthermore, because a portion of the 
floating gate is buried inside the substrate, the height of 
the floating gate relative to the substrate surface is re- 
duced. With a reduction in the height of the floating gate, 
subsequent etching of the select gate is easier to carry out 
and faster to complete. Moreover, because the bottom 
portion of the floating gate is buried deep in the sub- 
strate, the depth of the high-voltage doped region can be 
increased to reduce the resistivity without increasing the 
punch-through leakage current. Consequently, the width 
of the high-voltage doped region can be reduced to pro- 
duce a memory device with a higher degree of integration. 
[0013] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0014] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 



of the invention. 

[0015] pigs. 1 through 5 schematically show the steps for fabri- 
cating a non-volatile memory according to an embodi- 
ment of this invention in a cross-sectional view. 

[0016] pig. 5 also illustrates a schematic cross-sectional view of a 
non-volatile memory structure according to the embodi- 
ment of this invention. 

[0017] Fig. 6 illustrates a schematic cross-sectional view of a 

conventional electrically programmable and erasable non- 
volatile memory. 
Detailed Description 

[0018] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0019] Figs. 1 through 5 schematically show the steps for fabri- 
cating a non-volatile memory according to the embodi- 
ment of this invention in a cross-sectional view. Referring 
to Fig. 1, a pad oxide layer 102 and a silicon nitride hard 
mask layer 104 are sequentially formed over a substrate 
100. The silicon nitride hard mask layer 104 is formed by 



performing a low-pressure chemical vapor deposition 
(LPCVD) process, for example. Thereafter, a pair of 
trenches 106 is formed in the silicon nitride hard mask 
layer 104 and the substrate 100. The trenches 106 are 
formed, for example, by performing a photolithographic 
process followed by an anisotropic etching process. 

[0020] Referring to Fig. 2, a tunnel oxide layer 108 is formed on 
the interior surfaces of each trench 106 with thermal oxi- 
dation, for example. Thereafter, a conductive material, 
such as doped polysilicon, is deposited to fill the trenches 
106 and thereby form a pair of floating gates 110. A 
heavy thermal oxidation process is then carried out to 
form a thermal oxide layer 112 on each floating gate 110. 
The thermal oxide layer 112 is thicker at the center and 
thinner toward the edge, so that a sharp edge is produced 
at the top corner of each floating gate 110. 

[0021] Referring to Fig. 3, the silicon nitride hard mask layer 104 
and the pad oxide layer 102 are removed. Another mask 
layer 114 is formed over the substrate 100 exposing the 
substrate 100 between the two floating gates 110. The 
mask layer 114 is a photoresist layer, for example. There- 
after, an ion implantation 116 is carried out to form a 
high-voltage doped region 118 in the substrate between 



the two floating gates 110. The high-voltage doped re- 
gion 118 simultaneously serves as a common source/ 
drain region and a control gate for the two-cell memory 
unit. After the mask layer 114 is removed, an annealing 
process is carried out to repair the damaged lattice result- 
ing from the implantation and to expand the high-voltage 
doped region 118 into the substrate 100 under the bot- 
tom of each floating gate 110. 

[0022] Referring to Fig. 4, a silicon oxide layer 120 and a silicon 
nitride layer 122 are sequentially formed on the exposed 
sidewall of each floating gate 110 to form an oxide/ni- 
tride (ON) spacer. The silicon oxide layer 120 is formed, 
for example, by depositing a conformal silicon oxide layer 
and then anisotropically etching the conformal silicon ox- 
ide layer. The silicon nitride layer 122 is formed, for ex- 
ample, by depositing a conformal silicon nitride layer and 
then anisotropically etching the conformal silicon nitride 
layer. Thereafter, a conformal silicon oxide layer 124 is 
formed over the substrate 100 to serve as an isolation 
layer between the floating gates 110 and the subsequently 
formed select gate 128 (Fig. 5), and to serve as a gate di- 
electric layer of the select gate 128. 

[0023] Referring to Fig. 5, a portion of the silicon oxide layer 



124, a silicon oxide layer 120 and a silicon nitride layer 
122 together constitute an ONO composite spacer 126 
ideal for preventing a leakage current. Thereafter, a pair 
of select gates 128 are formed on the outward -facing 
sides of the floating gates 110, covering only a portion of 
each floating gate 110. Each select gate 128 is isolated 
from the top of the corresponding floating gate 110 by a 
thermal oxide layer 112, and from the sidewall of the 
floating gate 110 by an ONO composite spacer 126. Fur- 
thermore, the select gates 128 are isolated from the sub- 
strate 100 by the gate dielectric layer 124. After a source/ 
drain region 130 is formed on the outward-facing side of 
each select gate 128, a non-volatile memory having the 
structure according to the preferred embodiment of this 
invention is completed. 
[0024] pig. 5 also illustrates a schematic cross-sectional view of a 
non-volatile memory structure according to the embodi- 
ment of this invention. The non-volatile memory structure 
includes a substrate 100, a pair of floating gates 110, a 
high-voltage doped region 118, a pair of select gates 128 
and a pair of source/drain regions 130. The substrate 100 
has a pair of trenches 106 therein, each of which is dis- 
posed with a tunnel dielectric layer 108 on its surface. The 



floating gates 110 completely fill the trenches 106 and 
protrude above the surface of the substrate 100. The top 
of each floating gate 110 is disposed with a thermal oxide 
layer 112, which has a shape such that the floating gate 
110 has a sharp top corner. Furthermore, the sidewall of 
each floating gate 110 has an ONO spacer 126 thereon. 
The high-voltage doped region 118 is located in the sub- 
strate 100 between the floating gates 110. The two select 
gates 128 are set up on the outward-facing sides of the 
two floating gates 110. Each select gate 128 is isolated 
from the top of the corresponding floating gate 110 by a 
thermal oxide layer 112, and from the sidewall of the 
floating gate 110 by an ONO spacer 126. In addition, the 
source/drain regions 130 are located in the substrate 100 
on the outward -facing sides of the two select gates 128. 
[0025] jo write data into the memory cell on the left side of the 
non-volatile memory, a voltage large enough to switch on 
the underlying channel is applied to the left select gate 
128, and a low voltage (for example, 0V) is applied to the 
left source/drain region 130. In the meantime, a high 
voltage is applied to the high-voltage doped region 118, 
so that a slightly lower high voltage is induced on the 
floating gate 110 for generating and attracting hot elec- 



trons, as indicated by the arrow "P" in Fig. 5. On the con- 
trary, to erase data from the left memory cell, a positive 
voltage is applied to the left select gate 128 and a nega- 
tive voltage is applied to the high-voltage doped region 
118. With this voltage configuration, the sharp edge at the 
left-side top corner of the floating gate 110 undergoes a 
point discharge, so that the electrons trapped in the float- 
ing gate 110 are discharged to the select gate 128, as in- 
dicated by the arrow. Due to the point discharge effect of 
the sharp corner of the floating gate 110, a positive volt- 
age lower than those used in ordinary non-volatile mem- 
ory devices can be applied to the select gate 128 to carry 
out data erasure. 
[0026] | n this invention, the high-voltage doped region 118 that 
serves also as a control gate not only overlaps with the 
bottom portion of the floating gate 110, but also faces 
one side surface of the floating gate 110 separated by the 
tunnel dielectric layer 108. Hence, the gate-coupling ratio 
between the control gate and the floating gate 110 is 
greatly increased. Furthermore, because a portion of the 
floating gate 110 is buried inside the substrate 100, the 
height of the floating gate 110 relative to the substrate 
100 is reduced. With a reduction in the height of the 



floating gate 110, the subsequent etching step of the se- 
lect gate 128 is easier to carry out and faster to complete. 
Moreover, because the bottom portion of the floating gate 
110 is buried deep in the substrate 100, the depth of the 
high-voltage doped region 118 can be increased to re- 
duce resistivity without increasing the punch-through 
leakage current. Consequently, the width of the high- 
voltage doped region 118 can be reduced to produce a 
memory device with a higher degree of integration. 
[0027] | t w j|| b e apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



